Introduction
Future aircraft engines must provide ultra-low emissions and high efficiency at low cost while maintaining the reliability and operability of present day engines.
The demands for increased performance and decreased emissions have resulted in advanced combustor designs that are critically dependent on effective fuel-air mixing and lean operation.
However, Copyright ©2000 by the American Institute of Aeronautics and Astronautics, Inc. No copyright is asserted in the United States under Title 17, U.S. Code. The U.S. Government has a royalty-free license to exercise all rights under the copyright claimed herein for Goverernmental Purposes. All other rights are reserved by the copyright owner. Additionally, due to non-uniformities in the fuelair mixing and in the combustion process, there typically exist hot areas in the combustor exit plane entering the turbine. These hot streaks limit the operating temperature at the turbine inlet and thus constrain performance and efficiency. In addition, these hot streaks can be zones of increased formation of oxides of nitrogen (NOx). The non-uniformities in combustor exit temperature are described by a parameter called pattern factor. Elimination of the hot streaks, that is, a reduction in pattern factor, can provide greater turbine life, can effectively increase the maximum combustor operating temperature and thus increase engine efficiency and performance, and can also contribute to emissions reduction.
Finally, the combustor flame temperature is largely a function of the combustion zone fuel-air mixture ratio.
In order to minimize the formation of carbon monoxide (CO) and unburned hydrocarbons (UHC's), it is desirable to maintain a mixture ratio near stoichiometric. Unfortunately, mixture ratios near stoichiometric give high flame temperatures that lead to increased NOx formation.
In order to minimize CO, UHC, and NOx production, tight control over the fuelair ratio is required.
Advanced design and analysis tools such as the National Combustion Code 2"_ and physics-based combustion dynamics models 4"s'6 can guide the design and development process for modern low-emissions, high-performance gas turbine combustors. However, dynamic modeling isnotasmature assteady-state CFD modeling.This limitsthe useof dynamic models duringthe designphase. As a result,passive approaches to dealingwith combustor dynamic problems are often appliedlate in the combustor development process.Thistendsto be expensive. ActiveCombustion Control (ACC),whichprovides feedback-based control ofthefuelinjection, thefuel-air mixingprocess, andthe staging of fuel sources, can provide analternative approach toachieving acceptable combustor dynamic behavior, andthuscanprovide flexibility(additional margin) duringthe combustor design process.
In recentyears,therehasbeenconsiderable activityaddressing ACC. Government, academia, and industry research efforts, through analysis andtheuse of laboratory, combustors, have shown theconsiderable potential for activecontrol. 7,8"9"l°'n'lza3 The NASA This input and the pressure output from the plant, P, will be recorded in a data file. Half of this data will be used to train the neural identifier off-line; the other half will be used for its testing.
Once trained, the neural identifier replaces the plant during training of the neural controller. The neural identifier pressure output is compared to a priori background pressure measurements (i.e., measurements taken when no combustion is taking place). The reduced-order models will be used to develop control laws for experimental demonstration on the combustor rig.
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,)o3r The extended configuration also showed a certain "tune-ability", that is, the amplitude and the frequency of the instability varied considerably with operating condition and fuel-air ratio (Figure 12 ). The highest risk element in this work was the development of thin film temperature sensors. A major effort was expended to develop thin-film type-S thermocouples that could be affixed to the backside surface of the turbine inlet stator vanes to provide the temperature feedback information needed by the APFC.
A number of fabrication methods were investigated for the thin-film thermocouples and durability testing of the resulting thermocouples was conducted on base material prior to fabrication onto the turbine stators. Research was also conducted into determining a suitable method for affixing the sensors to the stators, z4
The stator ring to be used in the rig tests was cut into 19 sectors (two vanes per sector) to fit into the thermocouple fabrication facility. A thin film sensor was then affixed to each of the 38 vanes. Figure  15 shows a photograph of an instrumented stator. Two series of rig tests were performed.
Specifications
In the first series a significant number of the thin film sensors were damaged and the data collected were deemed questionable.
Inspection of the sensors after the testing revealed lead wire splice failure as the primary failure mechanism.
There was also some delamination of the thermocouple material. Valuable experience (in the form of lessons learned) was gained for furthering the development of this technology area.
In the second series of tests, the thin film sensors were replaced with conventional platinum-rhodium
thermocouples.
Two rig operating conditions (idle and medium power) were examined. Baseline measurements were taken without APFC for both of these conditions. For this effort, the pattern factor, PF, is defined as: 
